The cytotoxic and genotoxic effects of goniothalamin, a plant styryllactone, were evaluated using the 3-(4,5 -dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay and the Alkaline Comet assay respectively in human leukemic cell lines. Following 72 h of treatment, the IC 50 values of goniothalamin in human HL-60 promyelocytic leukemia cells and CEM-SS T-lymphoblastic cells were 4.5 µg/mL and 2.4 µg/mL respectively. The genotoxicity of goniothalamin in both HL-60 and CEM-SS cells was detected as early as 2 h following treatment at IC 10 and IC 25 concentrations. However, pretreatment with the antioxidant N-acetyl-cysteine (NAC) at 1 mM for 30 minutes did not abrogate genotoxicity of this compound. This result suggests that primary induction of DNA damage by goniothalamin may not involve oxidative damage. In conclusion, our results demonstrate genotoxic damage induced by goniothalamin in leukemic cells. Further studies are needed to ascertain the mode of action of goniothalamin in inducing DNA damage.
Introduction
Goniothalamus species are widely distributed throughout Malaysia (Burkhill, 1966) . A number of these species were used by Malays as traditional medicine to treat various ailments and had been claimed to have connection with an antifertility effects such as procurement of abortion, undefined post-natal treatments and low birth rate (Azimahtol et al., 1994) . The styryllactone found abundantly in this family had also been investigated for cytotoxic and anti-tumour properties (Ali et al., 1997; Hawariah and Stanslas, 1998; Bermejo et al., 1999; Ali et al., 2000) . Goniothalamin (GTN), a plant styryllactone isolated from Goniothalamus andersonii (Fig. 1 ) have been demonstrated to have some potential chemotherapeutic properties by inducing cytotoxicity and cell death in a variety of cell lines (Ali et al., 1997; 2000; Hawariah and Stanlas, 1998; Inayat-Hussain et al., 1999) .
Genotoxicity refers to an adverse effect on the genetic material (DNA) of living cells. A number of techniques for detecting DNA damage, as opposed to the biological effects (e.g. micronuclei, mutations, structural chromosomal aberrations) that result from DNA damage, have been used to identify substances with genotoxic activity. This includes the most frequently used methods either the detection of DNA repair synthesis (unscheduled DNA synthesis or UDS) in individual cells, or the detection of DNA single strand breaks and alkaline labile sites in pooled cell populations using the alkaline elution assay (Kohn, 1991) . A more practical and useful approach for assessing DNA damage is the single cell gel electrophoresis (SCGE) or the Comet assay (Singh et al., 1988) . The term "comet" is used to identify the individual cell migra-tion patterns produced by this assay. Several studies have shown the applicability of this assay in evaluating genotoxic potential of substances by inducing DNA damage (Robichova and Slamenova, 2002; Richeux et al., 1999) .
In this study the cytotoxicity and genotoxicity of GTN were evaluated in two leukemic cell lines in order to ascertain whether the cytotoxicity of GTN parallels to DNA damage in cells. The antioxidant N-acetyl-cysteine (NAC) was also introduced to the cells prior to treatment with GTN to evaluate the involvement of oxidative damage in causing cell death.
Materials and Methods

Reagents and cells
The human promyelocytic HL-60 and human T-lymphoblastic leukemia CEM-SS cell lines were obtained from ATCC (Rockville, MD) and cultured as described previously (Inayat-Hussain et al., 2003) . Goniothalamin was extracted as described previously (Jewers, 1972) . Stock was prepared by dissolving 10 mg of GTN in 1 mL of DMSO (Sigma, USA) with final concentration of DMSO not exceeding 1 . Subsequent dilutions were made using culture medium enriched with 10 foetal calf serum (FCS) from Gibco BRL, USA. All other reagents were obtained from Sigma Chemicals (St. Louis, MO).
MTT assays
Cytotoxicity of GTN was evaluated using MTT assay (Mosmann, 1983) . Cell viability was measured by a colorimetric substrate using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) which measures metabolic activity of cells after 72 h of treatment with GTN. MTT will be reduced to a coloured formazan by active viable cells with dehydrogenase enzyme.
The Alkaline Comet Assay
Genotoxicity was evaluated using a slight modification of the Alkaline Comet Assay as previously reported (Singh et al., 1988) . Briefly, cells were collected and layered onto a frosted slide prior to lysis in lysing solution for 1 h at 4 . Slides were then put horizontally in an electrophoresis tank and left in electrophoresis buffer for 20 min for unwinding. Electrophoresis was then run at 25 V and 300 mA for 20 min. Following electrophoresis, slides were washed three times with neutralization buffer before stained with 50 µg/mL ethidium bromide. Slides were analysed using Leitz Laborlux epifluorescence microscope equipped with 515 barrier filter and 560 emmision filter. Percentage of DNA damage scoring was quantified in 100 cells. Score 0 to 4 were given based on the severity of DNA damage according to the appearance and length of comet tail as described before (Collins et al., 1997) .
Results and Discussion
As shown in Fig. 2 , GTN displayed significant decrease in cell viability with increased concentrations following 72 h treatment. These were seen in both HL-60 and CEM-SS cells with the IC 50 values of 4.5 µg/mL and 2.4 µg/mL respectively. The IC 50 values of GTN were very low with a slight difference between the two cell lines which indicated that GTN is efficient as a cytotoxic agent and inducing cell death in leukemic cells. This could also suggest that GTN has the potential as a potent antileukemic agent especially to the leukemic cells from the lymphoblastic origin. Previous studies have shown that GTN caused cell death in HL-60 cells and apoptosis was the mode of death observed in these cells (Ali et al., 1997; 2000; InayatHussain et al., 1999) . The molecular mechanism underlying GTN induced apoptosis in HL-60 cells has been reported through the externalisation of phosphatidylserine, loss of mitochondrial transmembrane potential and activation of caspases 3 and 7. GTN induced apoptosis could also be inhibited via the pharmacological caspase inhibitor, benzyloxycarbonyl-Val-Ala-Asp fluoromethyl ketone (ZVAD-FMK) and was found to be independent of topoisomerase II α inhibition (Inayat-Hussain et al., 2002, unpublished observation) . On the other hand, the genotoxic effect of GTN was detected as early as 2 h following treatment. The IC 10 and IC 25 concentrations were used in order to observe the induction of DNA damage at a much lower concentration and the earlier stage of toxicity. This would also indicate the ability of GTN to induce DNA damage in leukemic cell lines and act as one of the possible pathway for its cytotoxicity effect. As indicated in Fig. 3 , 84 3 and 96 6 of HL-60 cells had DNA damage (score 1-4) following IC 10 and IC 25 concentrations of GTN, respectively. Whereas in CEM-SS cells, 95.5 3.54 and 98.5 2.12 of cells had DNA damage following treatment with IC 10 and IC 25 concentration of GTN, respectively. The appearance of both leukemic cells following treatment with GTN at IC 10 and IC 25 concentrations was as shown in Fig. 4 . Umar-Tsafe et al. (2004) have reported that GTN has the capability of inducing both the chromatid and chromosome type of aberration in CHO cells with and without the presence of metabolic activation. They concluded that GTN is potentially a genotoxic or clastogenic substance without any anti-genotoxic properties. The genotoxicity effect seen from the present study was in parallel with the cytotoxicity results that indicated GTN was more cytotoxic in CEM-SS cells as compared to HL-60. As a consequence, more DNA damage was detected in GTN-treated CEM-SS cells as compared to the HL-60. In order to understand the mechanism of DNA damage induced by GTN, the cells were pre-treated with 1 mM NAC as an antioxidant for 30 min followed by 2 h treatment with GTN at IC 10 and IC 25 concentrations. This was done in order to evaluate the presence of oxidative DNA damage caused by GTN. However, there was no significant decrease (p 0.05) in the percentage of cells with DNA damage on both HL-60 and CEM-SS cells following pretreatment with NAC. This indicates the possibility that DNA damage produced by GTN may not involve production of oxidative stress and not through the mechanisms of oxidative damage. This results is in contrast to our previous finding when we found that altholactone, which is also a styryllactone induces oxidative stress and apoptosis in HL-60 cells (Inayat-Hussain et al., 2002) . NAC (1 mM) was able to abrogate both oxidative stress and apoptosis in altholactone treated HL-60 cells. Therefore, further studies are needed to ascertain the possible mechanisms that are involved in the induction of DNA damage by GTN in leukemic cells. This could facilitate in understanding of the mechanisms underlying the cytotoxicity of GTN in leukemic cells.
Conclusion
This study has shown that GTN is cytotoxic and genotoxic to both HL-60 and CEM-SS cells by reducing cell viability and has the ability to induce DNA damage as early as two h following treatment. Further studies will be required to understand the molecular mechanisms underlying GTN toxicity.
